The doubly weak transition b → dds is highly suppressed in the standard model, which makes it a potential channel to explore new physics signals. We present a study of the exclusive two body wrong sign weak decay B 0 → K + π − belonging to this class within the perturbative QCD approach.
Introduction
With only loop diagram contributions in the standard model (SM), rare B-mesons decays induced by flavor-changing neutral-current (FCNC) transitions provide an interesting possibility to explore the virtual effects from new physics (NP) beyond the SM. Various FCNC processes, which are sensitive to any new source of flavor-violating interactions, are extensively studied both within the SM and in many of the extended models. With more and more precise experimental measurements, many NP parameters are severely constrained by these channels. Example of these kinds of decays are radiative, leptonic and semi-leptonic decays, which have relatively less theoretical hadronic uncertainties.
Among the purely hadronic decays, B → Kπ decays have been studied in different NP scenarios [1] [2] [3] .
In the SM, the main contributions to these channels come from the penguin-induced FCNC transition b →sqq (q = u, d). Grossman et al. [4] have studied isospin-violating NP contributions in B → Kπ decays. Focusing on B ± → Kπ decays, these authors have explored the relevant observables for probing parameter spaces of different NP models. In addition, B → Kπ decays have been investigated to solve the so-called B → Kπ puzzle within the SM [5] and in different NP models [6, 7] . However, from all of these hadronic rare decay studies, one can not make a definite conclusion for the new physics signals. One of the obvious reason is that the difficulty is much more than expected due to the theoretical hadronic uncertainty.
An alternative approach is the search for rare b decays which have extremely small rates in the SM, so that mere detection of such processes will indicate NP. Along these lines, Huitu et al. [8] have suggested the processes b → ssd and b → dds as prototypes. In the SM, these doubly weak transitions occur via box diagrams with up-type quarks and W 's inside loop, resulting in the branching ratios of approximately O(10 −12 ) and O(10 −14 ), respectively. Furthermore, both inclusive and exclusive channels for these transitions in different beyond SM scenarios have been investigated [9] [10] [11] [12] [13] [14] , where it is predicted that in different NP models they can be greatly enhanced. Notably, Pirjol et al. [15] have performed a systematic study of two body exclusive B → P P, P V, V V modes based on b → ssd and b → dds searches are the multi-body decays such as B + → π + π + K − and B 0 s → K − K − π + π + decays occurring either directly or via quasi two body P V (B + → π + K * 0 ) or V V (B 0 s → K * 0 K * 0 ) modes, respectively. Both B factories have given the upper limit for B + → π + π + K − decay [16, 17] , whereas the latest one is reported by the LHCb collaboration to be B(B + → π + π + K − ) < 4.6 × 10 −8 [18] . Due to the lack of reliable QCD prediction for branching ratios of three body decays, it is difficult to interpret these upper limits as constraints to new physics parameters.
In this paper, by employing the perturbative QCD factorization approach, we shall calculate the exclusive two body pure annihilation decay B 0 → K + π − induced by b → dds transition. This decay can occur only through the annihilation diagrams in the SM because none of the quarks (antiquarks) in the final states are the same as those of the initial B meson. It is extremely rare in the SM. Therefore, any new physics contribution can be overwhelming. Since B 0 can mix with B 0 , previously, it was thought that this channel is not distinguishable from the B 0 → K + π − decay with large branching ratio at the order of 10 −5 .
Here we would like to point out that with a large data sample one can search for the suppressed wrong sign decay by performing a flavour-tagged time-dependent analysis, following Ref. [19] . Experimentally, one can identify the B 0 or B 0 meson at the production point, e.g., by using the charge of the lepton from the semi-leptonic decay of the other B 0 /B 0 meson. In general, the time-dependent decay rate of an initial B 0 (B 0 ) to the final state K + π − is proportional to exp(−Γt)[1 ∓ C cos(∆mt) ± S sin(∆mt)], where ∆m and Γ are the mass difference and decay width of the B 0 -B 0 system. Without the wrong sign decay, one expects C=1 and S=0. This can be tested at Belle-II, LHCb and its future upgrade. Any deviation from C=1 and S=0 is a signal of wrong sign B 0 → K + π − decay, which may indicate a sign of new physics.
Through study, we have also found another big advantage of the wrong sign B 0 → K + π − decay. The effective operators involved in the doubly weak decays, b → dds and b → ssd transitions, usually also contribute to the K 0 -K 0 mixing and B 0 -B 0 mixing or B 0 s -B 0 s mixing. Thus they are severely constrained by the mixing parameters measured by the high precision experiments, which cannot contribute largely to the hadronic B decays. On the contrary, in a particular example of NP such as a model with conserved charge, some of the new physics operators contributing to the wrong sign B 0 → K + π − decay through the annihilation diagram may not be severely constrained by the meson mixing parameters, due to the hierarchies among NP couplings. These operators with pseudoscalar density structure survive from helicity suppression by chiral enhancement mechanism. This can make this wrong sign decay branching ratio as large as possible to be measured by the experiments. Even in the absence of the signal, with only upper limit, the measurements of this decay will at least give the most stringent constraint to the new physics parameters.
The paper is organized as follows. In Sec. 2, we calculate the decay rate for the chosen process within the SM. In Sec. 3, we consider a model independent analysis of the considered channel and give predictions for the NP contributions in different NP scenarios. Next we consider that how a specific NP model with tree level FCNC transitions such as Randall-Sundrum (RS) model [20, 21] may enhance the decay rate of the B 0 → K + π − decay while satisfying all the relevant constraints. For that, we consider two models known as the RS model with custodial protection (RS c ) [22] [23] [24] [25] [26] in Sec. 4, followed by the bulk-Higgs RS model [27] in Sec. 5. Relevant bounds and the numerical results in the two variants of the RS model are given in Sec. 6. In Sec. 7, we summarize our results.
The doubly weak decay b → dds transition can only occur by the box diagram in the SM that is highly suppressed. The local effective Hamiltonian for b → dds transition is give as
where
with functions f (x) and g(x, y) given explicitly in [8] , such that We consider B 0 meson at rest for simplicity. By using the light-cone coordinates, the B 0 meson momentum P 1 and the momenta of K + and π − meson, denoted by P 2 and P 3 , respectively can be written as
The antiquark momenta k 1 , k 2 and k 3 in the B 0 , K + and π − meson are taken as
where the light meson masses have been neglected. In PQCD [28] [29] [30] [31] [32] , the decay amplitude is factorized into soft (Φ), hard (H) and harder (C) dynamics characterized by different scales
where operators from m W down to t scale. By the threshold resummation [33] , the large double logarithms (ln 2 x i ) are summed, leading to S t (x i ) which suppresses the end-point contributions. The e −S(t) , called as Sudakov form factor [34] , contains resummation of two kinds of logarithms. One of the large logarithms is due to the renormalization of ultra-violet divergence ln tb, the other one is double logarithm ln 2 b from the overlap of collinear and soft gluon corrections. Such factor suppresses the soft dynamics effectively making perturbative calculation of the hard part H to be reliable.
By inserting the SM operator given in Eq. (1), into the vertices of each Feynman diagram, we calculate the hard part H at the first order of α s and obtain the analytic formulas F a1 and M a1 , which represent the factorizable and nonfactorizable annihilation diagrams contributions, respectively. The explicit expressions of F a1 and M a1 are given in the Appendix B. It is obvious that these annihilation type contributions are suppressed compared to the emission diagrams, which agrees with the helicity suppression argument. Finally, the total amplitude for the considered process in the SM is given as
With the expression of the decay rate
we calculate the branching fraction of the
Obviously, this order is far away from the current experimental measurement abilities, so this channel can turn out to be ideal probe of the NP effects.
3 Model independent analysis of the
In this section we present a model independent analysis of the NP contributions to the exclusive decay
We start with the most general local effective Hamiltonian with all possible dimension-6
The This is the main reason that in many of the new physics models, one can not get too large branching ratios for the b → dds or b → ssd decay, see for example [35] .
We first assume that NP only gives contribution to the local operator O 1 similar to the SM, which is true for a large class of NP models including the two-Higgs doublet model with small tan β, or the constrained minimal supersymmetry model (MSSM) [14] . The NP Hamiltonian for b → dds transition in this case is the same as for the SM in Eq. (1) but with a new Wilson coefficient C dds 1 . The decay width of B 0 → K + π − decay will also have the same formula as in the SM case. The corresponding Hamiltonians
[
where the coefficients in general have the relation C dds
Since the SM results of K 0 − K 0 and B 0 − B 0 mixing are in good agreement with the experimental data, there is not much room left for the new physics contributions.
Next, if the NP contributions come from non-standard model chiralities, considering each nonstandard operator in O j individually, the decay amplitude is given by
where j = 2, 3, 4, 5, respectively. The explicit expressions of F a2,a3,a4,a5 and M a2,a3,a4,a5 are given in the Appendix B. Similarly, for O 1−5 , we have
The corresponding decay width of each individual operator in case of O 2−5 and O 1−5 is given by
respectively. We define the ratio R of the branching ratio of the wrong sign decay to the corresponding 
SM branching ratio of the right sign decay (induced by the b → suū),
We consider the corresponding LO PQCD prediction for the right sign decay, whose amplitude is given by Eq. (22) of [29] while the numerical predictions of the involved factorizable and nonfactorizable amplitudes are listed in Table. 1 of [29] . By direct experimental measurement of the ratio R, one can give constraint to each individual Wilson coefficient of the new physics operator in Eq. (10). For example, in Table 1, by considering each non-standard model NP operator, we obtain the upper bound on the corresponding
Wilson coefficient by assuming that the current experimental precision can limit the ratio R to be less than 0.001.
NP with Conserved Charge
We start with a NP scenario, that involves the exchange of NP fields carrying a conserved charge. A particular example of a NP scenario of this type is R−parity violating MSSM [14] . In this class one can start with NP Lagrangian of a generic form [15] L flavor = g b→d (dΓb)X + g d→b (bΓd)X + g s→d (dΓs)X + g d→s (sΓd)X + h.c., (18) assuming that field X with mass M X carries a conserved quantum number broken only by the above terms. Flavor-changing operators are then obtained after integrating out the field X. In this example of NP, one can consider the hierarchies in NP couplings such that the mixing constraints can be trivially satisfied, leaving the b → dds transitions unbounded. To illustrate this point, we consider four scenarios of NP. In scenario-1 (S1) and scenario-2 (S2), we consider that NP matches onto the local operators O 1 and with non-standard chiralities, so it will be convenient to define the normalized matrix elements of these non-standard operators with respect to the SM operator O 1 .
where j = 2, 3, 4, 5. Similarly for O 1−5 , we denote the ratio as r j .
Starting with S1 and S2, the NP Hamiltonians for the present case are given by [
As for the RG running of the coefficients C dds 1 and C dds 1 from the weak scale m W to m b , we suppose there is no new particle within these scales and the evolution for both coefficients should be same as the case of QCD. The evolution factor at NLO is given by η QCD (m b ) = 0.87. For S3 and S4, the NP Hamiltonian and the corresponding
Wilson coefficients can be written as [H dds
, with j = 4, 5 for S3 and S4, respectively. Similar to previous case, we factor out NLO QCD corrections to the Wilson coefficients in S3 and S4. However, situation is different here as operators O 4 ( O 4 ) and O 5 ( O 5 ) mix under renormalization such that the RG evolution operator is a 2 × 2 matrix, so each Wilson coefficient gets a small mixing induced contribution at NLO, which we ignore. Therefore, keeping only the dominant contributions we obtained f 4QCD = 2, while f 5QCD = 0.9.
Considering the corresponding Hamiltonians, in all four scenarios, from K 0 − K 0 and B 0 − B 0 mixing we have the bounds
where j = 1 for S1 and S2, while S3 and S4 correspond to j = 4, 5, respectively. Considering the relations
mixing, respectively, the lower bound on the NP scales Λ K j and Λ B d j [36] are listed in Table. 2, with Im(C K j ) additionally constrained from K .
To keep b → dds transitions unbounded and large, we take the case-I such that g d→s = g b→d = 1, where the bounds in (20) can be trivially satisfied, if for instance g s→d = g d→b = 0. As mixing bounds do not constrain M X in this case so one can get the ratio R X as large as possible. For example, after assuming that the NP scale M X lies around the TeV scale, obtained ratio R X in each scenario is listed Table 2 : Lower bounds on the NP scales coming from K 0 − K 0 and B 0 − B 0 mixing [36] .
1.3 × 10 3 Table 3 : Ratio of the branching fraction of the wrong sign decay to the branching fraction of the right sign decay, after satisfying mixing constraints, in the case of NP involving conserved charge (R X ). S1−S4 represent NP scenarios corresponding to the presence of different NP operators (see text for details).
Case-II S1 under case-I in Table 3 . One can observe that the resulting ratio R X , after satisfying mixing constraints, in each scenario is very large as compared to the SM result (R SM ). Therefore the measurement of ratio R X , with even upper limit for the B 0 → K + π − branching ratio, if no signal is found, will provide the most stringent constraints to the involved operators in this example of NP.
Further, we assume a higher NP scale at 10 TeV. The resulting PQCD prediction for the ratio R X in corresponding scenarios is listed in Table 3 , as case-II. Still in scenario S3, the predicted ratio, after satisfying mixing constraints, is large enough to provide stringent constraint to the coefficient of the
On the other hand, the obtained ratio R X in (S1, S2) and S4 give nine and eight orders of magnitude increase, respectively, compared to the SM result, although it is very difficult to reach such precision experimentally.
As a case-III, we consider a situation where accidentally one of the g i couplings is very small. For example, if we take g s→d = 0 and all the other g i = 1, then K 0 − K 0 mixing bounds in (20) are trivially satisfied while B 0 −B 0 mixing yields lower bound on M X . In this case, the bound on M X in each scenario is more stringent compared to the previous cases, therefore the predictions for the ratio R obtained for scenarios (S1, S2), S3 and S4 are of orders 10 −11 , 10 −12 and 10 −16 , respectively. However compared to R SM , as given in Table 3 , S1 and S2 give four and three orders of magnitude enhancement, respectively.
NP Scenarios with MFV and NMFV
In MFV [37] , the coefficients can be considered as
] 2 , where v = dds, K, B d for b → dds transitions, K 0 − K 0 and B 0 − B 0 mixing, respectively. In our study we restrict to the MFV case with small tan β, where we have
In this case, UTfit collaboration has given the lower bound on the MFV scale (Λ MFV ) 1 at 95% probability, (Λ MFV ) 1 > 5.5 TeV [36] . In addition, one can define the suppression scales that include the hierarchy of the NP induced flavor changing couplings, such that we have
With all the parameters known, one observes that the suppression scale Λ dds 1 is the geometric average of the NP scales in
with an arbitrary phase, the strict correlation between the Wilson coefficients is lost in this case so that we have approximately Λ dds
j . Considering each operator O j separately, one can obtain the approximate value of suppression scale Λ dds j by using the bounds from Table. The model-independent results of the UTfit group [36] suggested that the scale of heavy particles mediating tree-level FCNC in models of NMFV must be heavier than ∼ 60 TeV. An application of these results to RS-type models [39] showed that the measured value of K implies that the mass scale of the lightest KK gluon must lie above ∼ 21 TeV, if the hierarchy of the fermion masses and weak mixings is solely due to geometry and the 5D Yukawa couplings are anarchic and of O(1). A follow up study [40] , of the RS c model, while confirming the results in [39] pointed out that there exist regions in parameter space, without much fine-tuning in the 5D Yukawa couplings, which satisfy all ∆F = 2 and EW precision constraints for the masses of the lightest KK gauge bosons, M KK 3 TeV. Therefore, in a specific NMFV model the bounds, including the accidental cancellations among the contributions of different operators, can be weaker. In consideration to this situation, we will study B 0 → K + π − decay in RS-type models below. Moreover, while considering any specific NP model one must consider the bounds additional to the ones coming from K 0 − K 0 and B 0 − B 0 mixing.
Finally, assuming that the scale of NP is at the mass scale probed by K 0 − K 0 mixing, such that the corresponding Λ K j are given in Table 2 , and all flavor violating couplings are considered to be O(1). The resulting ratio R(O 1 ) is one order of magnitude larger than the SM prediction, while for all other cases, it is of the same magnitude of order as the SM value or subsequently even smaller. Similarly, for O j operators, the order of magnitude for the predictions of R( O j ) remains the same as that of R(O j ).
In the RS model with custodial symmetry, we have a single warped extra dimension with the SM gauge symmetry group enlarged to the gauge group [22] [23] [24] . In the [42] . Therefore, for the considered RS c setup [24] , realizing the insignificance of the possible Higgs boson effects in ∆F = 2 processes, we ignore them in our study of the B 0 → K + π − decay.
Further, neglecting corrections due to EW symmetry breaking and small SU (2) R breaking effects on the UV brane, we assign a common name to the masses of the first KK gauge bosons 
where the chosen operator basis are same as given in Eq. (10) , and the Wilson coefficients correspond to
). The Wilson coefficients are given by the sum 
where p UV parameterizes the influence of brane kinetic terms on the SU (3) c coupling. We set p UV ≡ 1.
Similarly, the contributions coming from KK photon A (1) and the new heavy EW gauge bosons (Z H , Z ), are given by
where the different flavor violating couplings ∆ db L,R (V ) and ∆ ds L,R (V ), with
X , are given in Ref. [40] . These couplings involve the overlap integrals with the profiles of the zero mode fermions and shape functions of the KK gauge bosons. Figure. (1) to t. The relevant NLO QCD factors are given in Ref. [43] . Moreover, one loop QCD and QED anomalous dimensions for the operator basis corresponding to b → ssd and b → dds transitions have been derived recently [44] . Finally, the total decay amplitude for the B 0 → K + π − decay in the RS c model is given by
Similar to
where the obtained expressions of the factorization formulas (F a1 , F a4 , F a5 ) and (M a1 , M a4 , M a5 ) are given in the Appendix B. 
where The effective Hamiltonian given in Eq. (9) is valid at O(M KK ), which must be evolved to a low-energy scale t in PQCD formalism. Hence for the evolution of the Wilson coefficients we use the formulas of the NLO QCD factors given in Ref. [43] , for the considered decay. Similar to the RS c model, LO PQCD factorization calculation of the total amplitude for the B 0 → K + π − process, in the bulk Higgs RS model,
The involved factorization formulas are given in Appendix B. Finally, the decay rate in both the RS models is given by the expression
Numerical Results in the RS Models
In this section we present the results of the branching ratio of the B 0 → K + π − decay in both the RS models we considered. We first describe the relevant constraints on the parameter spaces of the RS models coming from the direct searches at the LHC [46, 47] , EW precision tests [27, [48] [49] [50] , the measurements of the Higgs signal strengths at the LHC [27, 50] and from ∆F = 2 flavor observables [40] .
In the direct search for the KK gluons resonances, through decay into tt pair, recent measurements at the LHC have constrained the lightest KK gluon mass M g (1) > 3.3 TeV at 95% confidence level [47] . Here y is an O(1) free parameter that is defined as the maximum allowed value for the elements of the anarchic 5D Yukawa coupling matrices such that |(Y f ) ij | ≤ y . Taking y = 3 value, which is implied by the perturbativity bound of the RS c model, leads to much stronger constraints on M g (1) from Higgs physics than those emerging from the EW precision tests. Although these constraints can be loosen by considering smaller values of y , one should keep in mind that lowering the bounds up to KK gauge bosons masses implied by EW precision constraints, M g (1) = 4.8 TeV, will require too-small Yukawa couplings, y < 0.3 for the brane-Higgs scenario [50] , which will reinforce the RS flavor problem due to the enhanced corrections to K parameter. Therefore, one is required to take moderate values of y by relatively increasing the KK scale, in order to avoid constraints from both flavor observables and
Higgs physics. On the other hand, in the bulk-Higgs RS model, the study of Higgs decays and the signal strengths [27] shows that different fixed values of y can be considered from the range y ∈ [0.5, 3] for the lightest KK masses upto allowed by EW precision data. Therefore keeping these constraints in mind, in our numerical analysis, we generate two sets of fundamental 5D Yukawa matrices with y = 1.5 and 3, for both the RS models. Additionally, while exploring the parameter spaces of both the RS models, we apply the simultaneous constraints from ∆m K , K and ∆m
mixing, relevant to our study of the B 0 → K + π − decay.
Next, similar to our previous analyses [35, 51] , we generate two sets of data points, for the RS c model, corresponding to anarchic 5D Yukawa matrices with y = 1.5 and 3, with the nine quark bulk-mass parameters fitted to reproduce the correct values of the quark masses, CKM mixing angles and the Jarlskog determinant, all within their respective 2σ ranges. For details we refer the reader to [35, 40] .
Similarly, for the bulk-Higgs RS model, following Refs. [27, 41] , we generate two sets of anarchic 5D
Yukawa matrices with y = 1.5 and 3, for a given value of β and M KK . Generally further lower values of y can be considered, but it is observed that for values of y < 1 it becomes increasingly difficult to fit the top-quark mass. Next, proper quark bulk-mass parameters c Q i < 1. After generating the data points for the two RS models, we proceed to the numerical analysis. Figure. [40] , respectively. As described previously, y = 3 value in the RS c model with brane Higgs case, suffers strong bounds coming from Higgs physics, therefore for the considered range of the M g (1) in Figure. 2, all the scatter points with y = 3 value are excluded hence we will not discuss it further.
The results for this case are rather presented only for a comparison with the results of the bulk-Higgs RS model. In the y = 1.5 case after applying the simultaneous constraints of ∆m K , K and ∆m B d , we observe in Figure. 2 that a large number of the scatter points in the allowed parameter space lie in the central region for each value of M g (1) while in comparison only small number of points lie around edges.
This implies that for a given value of M g (1) , more probable predictions of the RS c model are the ones lying around the central region. For example, in Figure. and (S + P )(S − P ) structures are chirally enhanced in the PQCD formalism applied for obtaining the amplitude of the B 0 → K + π − process. Also as discussed previously, the WC's in the PQCD approach are calculated at the scale t with O ∼ (1 − 2) GeV, so the RG enhancement is also large. Both these factors play their role in increasing the B 0 → K + π − branching ratio in the RS c model together with ensuring the fact that KK gluon contributions dominate over Z H and Z contributions for a parameter point that satisfies the simultaneous constraints from ∆m K , K and ∆m B d .
In Figure. 3, we show the predictions of the decay rate for the considered decay in the bulk-Higgs RS model for two representative values of β, after simultaneously imposing the ∆m K , K and ∆m B d constraints. The red and blue scatter points again correspond to model points obtained using y = 1.5 and 3, respectively. The regions with gray shade in Figure. 3(a) and 3(b) indicate the excluded parameter space for the β = 1 and β = 10 case, respectively by the analysis of electroweak precision data. Here we will mention that while imposing the experimental constraints of ∆m K , K and ∆m B d , we set the required input parameters to their central values in both the RS models and allow the resulting observables to deviate by ±50%, ±30% and ±30%, respectively in analogy to the analysis [40] . Again, we see in two figures that a large number of the scatter points in the allowed parameter space lie in the central region for each value of M g (1) . y = 3 case with larger value correspond to more elementary fermions such that their profiles are shifted towards the UV brane, which results in more suppressed FCNC compared to the smaller value of y = 1.5. Therefore, from Figure. 3, we see that the predictions of the B 0 → K + π − decay rates for the parameter points with y = 1.5 are generally larger due to less-suppressed FCNCs than those with y = 3. However the smaller value of y are subjected to more severe constraints from flavor observables, hence after applying the ∆m K , K and ∆m B d constraints simultaneously, the maximum possible y = 1.5 predictions reduce relatively a bit towards the case of y = 3. Considering maximum possible enhancement of the branching ratio in Figure. 3(a), we note that the y = 3 case subject to relatively less severe constraints from the K 0 − K 0 and B 0 − B 0 mixing predict the branching ratio of O(10 −14 ) for some of the parameter points while in the case of y = 1.5 maximum possible branching ratio is of O(10 −13 ) for a number of parameter points, which suggest an increase of six orders of magnitude in comparison to SM prediction. Next comparing the results for β = 10 case with the predictions of β = 1 scenario, we observe more wider range of predictions for both cases of y in the β = 10 case, such that the maximum possible branching ratios in both cases of y move further above in the β = 10 scenario but in general the order of magnitude for the branching ratio remains same for both the y cases.
Conclusions
The doubly weak b → dds transition is highly suppressed in the SM, which makes it sensitive to any new physics contributions beyond the SM. In this paper we have studied the pure annihilation type rare two body exclusive decay B 0 → K + π − , mediated by b → dds transition, within the PQCD framework. We also present the results of the B 0 → K + π − branching fraction in two types of RS models, after considering all the relevant constraints. In both models, the main contribution to the decay rate comes from tree level exchanges of KK gluons such that after satisfying ∆m K , K and ∆m B d constraints simultaneously, for the RS c model with y = 1.5 case, a maximum increase of six orders of magnitude for the branching fraction is possible for few numbers of parameter points. Similarly, in the bulk-Higgs RS model, after considering all the relevant constraints, maximum possible enhancement of five and six orders of magnitude for the y = 3 and y = 1.5 case, respectively is probable for both broad and narrow Higgs profile cases, which leaves this decay free for search of new physics in future experiments.
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A Wave Function
The wave function describes hadronization of the quark and anti-quark to the meson M , which is nonperturbative but universal. For the incoming B meson, its wave function is written as
where N c = 3 is color's degree of freedom, and P 1 is the its momentum. For the φ B , the model wave function has been proposed in [28] [29] [30] 32 ]
where the normalization constant N B is related to the decay constant f B through
The wave functions of outgoing kaon and pion, up to twist-3 accuracy, with momentum P 2 and P 3 respectively are defined as [52, 53] 
where n = (1, 0, 0 T ) ∝ P 2 , v = (0, 1, 0 T ) ∝ P 3 , and the chiral masses are
The light-cone distribution amplitudes φ A π(K) , φ P π(K) and φ T π(K) have been studied within the QCD sum rules [52] [53] [54] , and they are expanded by Gegenbauer polynomials,
with ρ π(K) ≡ m π(K) /m 0π(K) . The Gegenbauer polynomials are defined as
with t = 2x − 1. For the other parameters, such as a i , η i and ω i , we refer the reader to [5] .
B Analytic Formulae
Firstly, we present the auxiliary functions as
The hard scale t in the amplitudes is selected as the largest energy scale:
By inserting different operators, we calculated the amplitudes for the factorizable annihilation diagram in Fig. 1(a) and (b) and obtained
where C F = 4/3 is the group factor of SU(3) c gauge group, and r i = m 0i /M B (i = K, π). The threshold resummation S t (x) is parameterized as [33] S t (x) = 2 1+2c Γ(3/2 + c)
The amplitudes for the nonfactorizable annihilation diagram in Fig. 1 (c) and 1(d) are given by
+ r π r K 4φ 
In above formulas, the functions E a (t) and E a (t) are E a (t) = α s (t) exp[−S K (t) − S π (t)];
S B , S K , and S π result from resummation of double logarithms caused by the overlap of soft collinear gluon corrections and single logarithms due to the renormalization of ultra-violet divergence [34] , which are defined as S B (t) = s(x 1 P 
where γ E is the Euler constant, and γ q = α s /π is the quark anomalous dimension. For the strong coupling constant, we use
where β 0 = (33 − 2n f )/3 and n f is number of active flavor. Λ = 250MeV is QCD scale at n f = 4. 
where H
0 (z) = J 0 (z) + i Y 0 (z).
